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Benzazepine alkaloids such as chilenine 1 and cephalo-
taxine 2 have been attractive synthetic targets by many syn-
thetic research groups mainly because of their skeletal
challenge (Figure 1).! Numerous attractive ways have been
developed and most of the synthetic approaches to the
skeleton have been focused on the cyclization forming the
central 7-membered azepine ring.> There have been several
reports of azepine formation through Heck-type reactions,
however, only a few synthetic applications to natural alkaloids
from the intermediates obtained has been reported.’

As an extension of our development of natural azepine
alkaloids,* we wanted to explore an intramolecular Heck
reaction with precursor 3 for the formation of 7-membered
ring and the transformation to chilenine thereafter. And we
expected to apply oxidative conditions for the formation of
the 5S-membered ring of chilenine from 4 (Scheme 1).

In this communication, we wished to suggest a sequential
bicyclization process from intermediate 4 in one pot. The pre-
cursor 5 would be prepared concisely from 4 which would be
prepared concisely from the known compounds (Scheme 1).3¢

For the preliminary investigation of the desired cyclization,
we prepared bromide precursor 5 to make a model compound
6.° From several trials, an applicable condition could be
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Table 1. Heck reaction conditions for the cyclization of 5
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Entry Palladium (equiv) (140 °C in sealed tube) (%) of 6

Pd(dppf)Cl» (0.1 equiv.) DBU (2 equiv.), THF, 14h  13%
Pd(dppfHCL (0.1 equiv.) DIEA (2 equiv.), DMF, 10h  14%
Pd(dppf)Cl» (0.1 equiv.) DBU (2 equiv.), DMF, 16 h  42%
Pd(dppf)Cl» (0.1 equiv.) EtsN (2 equiv.), THF, 16 h ~ 72%
5 Pd(PPh3)4 (0.1 equiv.) DBU (2 equiv.), THF, 12h  11%
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selected (entry 4) (Pd(pddf)Cl,, EtsN, THF in pressure tube
at 140 °C) (Table 1).

The scope and the limit of this reaction have been
searched (Table 2). The condition using Hunig’s base instead
of E;N afforded better results for the related derivatives.
Depending on allylic moieties on amide, the ratio of double
bond in exo or endo position of the product has varied (entry
3, 6, 7) and the yields were ranged from moderate to good
(15% to 76%).

Synthetic application to chilenine was readily tried the
requisite molecule 3. The Heck reaction condition selected
in Table 1 yielded azepine 4 in 67% yield. The next cycli-
zation of 5 or the benzoyl azepin-5-one intermediate formed
by oxidative cleavage of the exo-methylene group has failed,
so the desired oxidative cyclization was performed from the
enol lactone 17 to afford 18, a known precursor for chile-
nine.” Compound 17 was prepared by dihydroxylation with
0s0, followed by oxidative cleavage to ketone, and O-
acylation of the ketone with Ac,O under heating at 90 °C in
DMF in the presence of excess DBU (64% yield for the
three step sequence).® Compound 17 was found to be tenaci-
ous against cyclization as well as oxidation, only forcing
condition (2-3 equiv. Pa(OAc), with or without co-oxidant
benzoquinone in refluxing CH3CN overnight) enabled the
conversion to allow 30 to 36% yields of 18.° The final
transformation of 18 to chilenine has been repeated by the
known procedure, dihydroxylation using OsO, followed by
H,S treatment, suggesting a new way to a concise formal
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Table 2. Cyclization study of 7
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synthesis of chilenine.

In summary, a palladium-catalyzed cyclization reaction of
aryl halides containing allylic moiety provided azepine
skeletons, and the following manipulation including an
oxidative cyclization allowed a concise route to chilenine.
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